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生理状態の生体情報については多くの研究がある. Marshall (1958) ，桜谷(
1982)は，蒸散流量が茎表面の 2点聞を伝わる熱の伝達速度で測定できるととを
明らかにし，北野・ 2工口(1986)は，それを改良してオンライン・リアルタイム

















接に非破壊計測することもできる. Schaff erら(1986)および Hcburney・
Costigen (1987)は，葉の一部に装着できる小型のサイクロメーターによってホ
ポテンシャルを， Hea thc oteら(1979)はストレインゲージを組み入れた装置によ
って葉肉細胞の膨圧を非破壊測定できることをそれぞれ明らかにした.























の健全葉とり病葉とで分光反射華が異なり 650....690nm (R)および 800---
1000nm ( 1 )の波長域における反射宰の比 (fl/fR) によって両者を効率的に区








性を利用してクロロフィル含量と葉面積指数の推定を試み. Shibayama' Akiyama 
(1986b )はクロロフィル含量×葉面積指数，すなわち単位土地面積当りクロロ
フィル量の推定に有効であることを明らかにした.また1 Shi bayalla • Munaka ta ( 












強光が蒸般を増して伸長率を低下させることを明らかにした.とのほか. Chri st 
(1978a ) ， Stoddartら(1986) • Stoddart. l.loyd (1986) • Cutlerら(1980) 
は，各種の環境条件における生長反応を葉伸長の変化を指標として解析している.
果実については. Hole. Scott (1984)が差動トランスを用いたエンドウ果実の
の伸長計を，高辻(1982)が固有聾動散の解析理論を応用したピーマンの重量計
を開発し士.





また，植物の投葺面積を刺用した生長量の推定も試みられている. Ka tsui . 
Eguchi (1976)およびEguchi. Matsui (1977)は， C C Dカメラを用いていろい
ろな角度からみたキュウリの投野面積を撮影して，コンビュータによるオンライ
























































茎計変化 (Hamkenら， 1969; Klepperら， 1971;長野・島地. 1976; Huck・
K 1 e pp e r ，1977;開山ら， 1978， 1980;羽生ら， 1984， 1985， 1987;桜谷， 1982; 
北野 .i工口， 1986)や葉温変化(橋本ら， 1979a， 1979b， 1981;大政ら， 1981; 
井上ら， 1986， 1987a， 1987b) による植物の水分ストレス状態の推定などの生理
状態をモニタリングするものがほとんどで，生長量に関しては，茎(鴨田・内藤，
1975) I 葉 (Ga11 atherら. 1976， 1979; Gallagher.Bisco， 1979) ，果実 (Hole
























たレタスのホ耕に関する研究は，ヘッドレタス (Head1 ettuc e)の中のクリスプ
ヘッドレタス (Crispbead type )とバターヘッドレタス(別名サラダナ，
Butter head type)を材料としたものがほとんどであり，リーフレタス (Leaf
11 
1 ettuce )のそれは少ない・これらは，それぞれレタスのータイプに属するもの













実験は，床面積 9m2に対し陽光ランプ (400w)22灯および水銀ランプ(1 kw) 
6灯を配した野菜・茶葉試験場の人工気卑室で行った.育苗および義培期間中の




Table 1. Concentration of elements 































は種後12日目に本葉 1枚展開時の苗を 0.5. 1.0， 1.5， 2.0および 2.5単位湿度
の処理区に定植した.このときの各区のECは，それぞれ1.5，2.4， 3.2，4.0およ




植時の各区のpHは，それぞれ 6.6，6.3， 6.0， 5.8および5.6で，定植後21日固ま
では比鞍的安定して推移し，各区で6.0....7.0，5.8....6.5， 5.7....6.2. 5.7....6.0お
よび5.5---5.8の範囲にあった. しかし，その後生育が旺盛になるに伴いpHは著し













にpHを4， 5， 6. 7および8に調整した.麓培期間中の各区のpHは 3"-4日
ごとに測定し，設定したpHに調整した.この結果，定植後14日目までの各区のpH
は. 3.8....4.6. 4.6"-5.6. 5.9....6.3. 6.6'""7.3および7.9---8.0の範囲で推移した.
しかし，その後 3日聞のpHの抵下は大き<.定植後17日目には各区のpHが 3.9.





Table 2. Effect of concentration of nutrient solution on the gro曹thof leaf lettuce 
in solution culture. 
No. Maximum leaf Stem 
Top Root 
Conc." of L 日r LjW le(cnmgt) h FW DM ra.te L DM lea.fb (cm) (cm) (g) (%) (cm) (g) 
0.5 13 15.0 14.0 1.07 1.5 31.1 5.3 31 0.29 
1.0 14 15.0 13.3 1. 13 1.5 34.3 5.2 34 0.30 
1.5 15 16.3 15.0 1.09 1.6 47.3 5.0 38 0.39 
2.0 15 16.3 14.7 1.11 1.6 45.5 5.5 34 0.40 
2.5 13 13.3 13.0 1.02 1.3 25.1 6.7 30 0.26 
Average of 12 plants grown in a gro曹thchamber. The condition曹as342μmol m-2 S-1 
(day length. 10 h>. 20:tO.5"C. and 70--S5%Rh. 
1. length; VI.官idth;FIf.fresh曹eight;DM.dry matter曹eight.
a Magnitude of the standard solution. 
b Leaves that 目胃erelonger than 1 cm. 
.r.s 
Effect of pH of nutrient solution Table 3. 
on the growth of leaf lettuce in 











































Average of 12 plants gro曹nln a gro曹thchamber. 
TbecoiidiHolI las 342μ 1Jlo)m-2 S-1 (day length. 
.10 h). 20士O.5・'C. and 70...S5%Rh. 
FW， freslI' *eigIH: DM>dr-)/ oIatter曹eight. 
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体重および乾物重はpH6区が最も大き(，次いでpH5， 7， 4区の願となり， pH 
8区は最も小さかった，根乾物量は， pH 6区が最も大きし次いでpH7， 5. 4 




1.5単位温度の養液を 10，15， 20， 25， 30および35:t0.5ocに設定した.は種
後9日目に本葉展開始の苗を定植した.各区のECは，定植時の 3.2mS cm-1 :から
全区とも高〈なり，定植後29日目には，それぞれ 3.6，3.7， 3.7，4.2および4.2
圃Scm-t になった. pHは 3...7日ごとに測定して 6.2に調整した.との結果，
定植後19日までの各区のpHは. 6. 3.. 6. 7， 5. 7... 6.5. 5.3..... 6. 3， 5.3 --6.4， 5.8"-
6.5および5.0...6.5の範囲で推移した. しかし，その後の20，25および30oc区に
おけるpHの低下は急速であったので，調整にもかかわらず定植後26日目が， 5.2， 
4.3および 4.6，29日目が 4.4，4.0および 4.3になった.その他の区では定植後
19固までに変動したpHの範囲内で引続き推移した.生育調査は，定植後29日目に





Table 4. Effect of temperature of nutrient solution on the gro官thof leaf lettuce 
in solution culture. 
No. Maximum lcaf Top Root 
Temp. of L w LIW FW DM rate L DM leaf& (cm) (cm) (g) (%) (cm) (g) 
10 1 10.0 9.8 1.02 19.4 5.4 45 0.25 
15 12 14.0 12.0 1. 17 24.8 5.7 31 0.26 
20 14 18.0 15.0 1.20 50.1 4.4 38 0.28 
25 19 22.0 17.0 1.29 69.0 4.9 40 0.35 
30 17 20.0 15.2 1.32 56.9 4.7 31 0.31 
35 9 7.2 5.4 1. 33 4.4 7.7 5 0.07 
Average of 12 plants gro曹nin a gro曹thchamber. The condition曹as342μmol m-2 S-l 
(day length. 10 h). 20土0.5"C.and 70-85%Rh. 
L.length; W.width: FW.fresh曹eight:DM.dry matter weight. 
a Magnitude of the standard solution. 
19 
葉幅，地上部生体重および根乾物重は，養液温度が250Cの区で最も大きし次い



























Fig.l. Effect of temperature of nutrient 
solution on the configuration of leaf 
lettuce. Figures show the treated 
temperature("C). Third. sixth. nineth. 
twelveth and fifteenth leaf are from 










度は通気量が少ないほど大き<，実験終了時における 0，50， 500， 2500および









は， 4.7 -. 8.4 mg g DW-t h-1の範囲で変化したが，生育段階との聞に一定の関
係は認められなかった.しかし，担量の増大に伴って l個体当りの酸素吸収量は
22 
Table 5. Changes of dissolved oxygen concent-
ration in nutrient solution wbile 
leaf lettuces官eregro曹ing.
Aeration Conc. of 02 (ppm) 
(ml田in-1) O' 7 19 22 28 
。 8.6 7.5 1.6 1.3 1.0 
50 8. 7 7.6 6. 7 5. 9 3.5 
500 8. 8 8. 7 8.2 7.9 6. 1 
2500 8.7 8.8 8. 6 8. 3 7.3 
7500 8. 7 8. 7 8. 6 8. 5 8.0 
8 Days after planting. 
23 
Table 6. Effect of aeration into the nutrient solution on the 
gro曹thof leaf lettuce. 
Days Aeration No. of Fresh weight ( g ) Dry weight ( g ) 
after 
Planting (ml min-1) leaf Leaf Ste阻 Root 'Leaf Stem Root 
19 。 7.0 5. 6 0.2 2. 3 0.30 0.01 0.09 
50 7. 3 8.1 O. 3 2. 9 0.48 0.03 0.12 
500 8.0 11. 0 0.5 2.8 0.58 0.03 0.13 
2500 8.1 14.5 O. 7 3.8 0.73 0.05 0.16 
1500 8. 0 12.'7 O. 5 S.7 O. 63 0.03 0.14 
28 。1:7.5 61.6 3.5 10.2 4.82 0.42 0.53 
50 H.O 59.7 2.8 14. 7 S.83 O. 33 0.56 
ー
500 ， 20.5 
〆
，83.:6、 5.B 18.5 4.81 0.44 0.62 
2500 号、 r8~~ 11$. 3 11.5 20.9 4. 88 0.60 0.83 
.7500'" . '; . 18.5 99.1 10.0 20.2 4.14 0.55 0.62 
24 
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Table 7. Absorption of oxygen by the root of leaf lettuce(20~). 
Days Number Dry weight Rate of 02 Quantity of 
after of absorption 02 ahsorption 
planting leaf Top(g) Root(mg) (mg gDW-1 h-1) (mg plant-1 h-1) 
2 0.02 8 6. 9 0.06 
6 4 0.11 25 7.2 0.18 
12 8 0.(9 119 7.0 0.83 
15 10 1. 13 241 8.4 2.02 













の生育との開督、が研究されている.Cat切ら(1978) • Krizek・Or圃rod(1980) ， 






























Fig.3. Effect of temperature 9f nutrient solution on 
the absorption of oxygen by the root of leaf 
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Fig.4. Model device{Type 1) for 
';l~~' ;号‘¥1 .>: i-.y ，~ 
Monitoring fresh曹eight
of leaf lettuce. L. load 
cell; O. output; S. stand; 
U. urethan: P. plant; B. 














市販のACアダプター (SHARP劃 EA-17E).乾電池(単 1型2個の直列接続)お



























(Scale: 0.2 mV) Vol tage 
Effect of tO曹ersource o"n the outtut voltage of 












































30 20 10 
Temperature(OC) 





















Relation between the reading of a load cell at 













































ロードセルの指示重量と実測重量との関係を Tab1 e 8に示した・ロードセルの
指示重量 (Y) と茎葉部 (X1) I 水面上部 (X2)および全植物体(X 3) の実測
重量との関係は，それぞれ
Y = 1.01X， +0.51 
Y=1.00X2+0.36 
















Table 8. Relations between the fresh weights of leaf lettuce 
and th~ readings by a load cell. 
Number of Reading by Fresh weight ( g ) 
leaves load cell V (g) TapXl Abave WaterX2 Whalex3 
4 1. 40 1. 30 1. 42 1. 84 
s 4.97 5.11 5.33 6. 22 
11 29.0 26.8 27.4 33.9 
20 109.5 108.3 110.0 121. 0 
Y=l. 01Xl+0. 51. Y=1.OOX2+0.36 and Y=O.91Xa-O.85. 
会
-豆、~ . i'，r ι'，;.口、
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根重の垂直分布をFig.8に示した・ 11葉期および20葉期の茎葉重が26.8および

























1.5 1.0 0.5 。1.0 0.5 
主 cm depth-1} 
Fig.8. Vertical distribution ofroot ft~sh 曹e-i ght ofleafヲ lettuce 
官ith11 leaves(left) 
Root fresh曹eigh士(g










































Fig.9・Device(Type2) for monitoring top fresh曹eightof leaf 






















































Fig.10. Device(Type 3) for monitoring top fresh曹eightof 




































































































































































7 6 5 2 
Days after.planting 
4 3 1 
o o 
Change in top fresh曹eightof leaf lettuce after 


















o o 5 4 3 
Days after planting 
2 1 
Relative change in the top fresh曹eightof leaf 
lettuces after plantjrig 'in rtutrienf solutions. 
Fig.12. 
which temperatur.es ~.er，e con.tr.o1)ed at 10・(!(一一>.




























Fig.13. Change in configuration of root of leaf lettuce after 
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Days after planting 
Fi，g.U. Change in absorption of oxygen by， root of leaf 
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lettuce in nutrient solution. 
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Pig.15.Chinge in root fresh曹eight{ ) and T/R(top/ 



























Days aftsf ¥planti.ng 
Change in TTC世 reductinactivity of root in leaf 















とれらと平行してTTC還元カも測定した. T T C還元カは，基質，脱水素酵
素の補酵素，フラピン酵素が十分に存在する条件で脱水素酵素の活性を表すので，
従来から根の活性を表す代表的な指標のーっとして Lぽしぽ測定きれて来た.本
実験では， T T C還元カは定植後3日を最高としてその後は低下した.実験の観






















日長が18時間で他の環境要因は第 1章第 1節第 1項と同じ条件の環境制抑室内
で実験した. ‘グランドラピッド'の催芽種子をもみがら〈ん炭には種し 7日
後に生育の均ーな 15株の首を選ぴ，ウレタンキュープにはさんで2型装置の発泡
スチロール製定植振に株間15cIIで定植した. 80 x 45x 20c圃の養液槽には，大塚ハ
ウス肥料A処方の標準の1.5倍温度の養液を満たした. pHは，水酸化ナトリウム
を用いて 6前後になるように時々調節した.この結果，訴培期間中の養液のECは，














































15 10 5 。
Days after measurement 
Changes in top fresh ，eight and the gro冒thrate ・.topfresh曹eight;O. gro曹thFig.17. 
J、
70"il 






り，とのときの乾物宰は8.5%. 葉散は 3枚，蒸散量は 10m1day-t. 葉面積は 100















Table 9. Changes in the top fresh官eightand other growth indicators of leaf lettuce. 
Fresh Dry matter Number of Trans- Leaf Proj国 tonwDeErZy {1皿tmgoa)f trte∞ rDa戸 a wei(g副htb rate leaves mpl ira60n area area C wehrht of root (%) (ml day-l) (cm!) (cm2) 。 4.4 8.5 3 10 100 10 22 
2 6.4 7.2 4 10 146 29 45 
5 9.7 6.0 6 5 222 72 77 
8 14.4 6.8 8 31 331 118 125 
1 27.4 6.6 1 57 632 183 294 
13 44.6 6.4 13 79 1029 225 404 
17 102.6 5.2 16 97 2337 225 851 
a Days aftcJ' thc st.1rt of mea:surcmcnt. 
b Reading of the continuous measurement system. 


















Cbange in transpir~tion.rate of leaf lettuce. F ig. 18. 
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Fig.19. Change in L!P{leaf area!projection area) of leaf 
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Fig.20. Changes in LAI (.Ieaf area index) and P/C(projection 
area/eu1tivation area) of 'leaf Iettuce. Solid 1 ine 






































本章第 l節第 1項の条件で麓培した茎葉量約30gのリーフレタス 2個体を同化
箱内の3型装置に定植した.同化箱は，一辺が50cIIの透明アクリル叡胆で，形状
は立方体とした.同化箱内は，空気涜量601.min-t，気温20:t1 OC，相対温度80
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Days in darkness 
ChanEes in top fresh曹eightof leaf lettuce and increment 




















Change i n the r.a tio'" o'f.h~ight. ~to 曹id.th of 1 eaf 1 ettucC.: ，. 
underc∞o叩ntはin則附1




Fig.23. Change in configuralion of leaf letluce in long dark period. Figures 
indicate the number of days in dark. 
むi




































Photon flux density{ mmol 11-2 s・1)
0.6 0.2 
Fig.24. Relationship bet曹eenlight intensity in 
light period for 9 hrs and increaent of 
top fresh曹eightat first one(())，four 
hours in 
Relative values of the top 
fresh曹eightat the start of darkness 
and twelve(圃){・).eight (A) 
dark period. 






































































































長(鴫田・内藤， 1975) .葉身長 (Gallagherら， 1976) ，果実長 (Ho11e. Sc ott， 

















































388μmo1 m-2 S-I (波長範囲400.. 700n匝)とした.生育段階を異にして供試した

































25 20 15 10 5 。
Hour 
Fig.2SI Fluctuations in top fresh weight of leaf lettuce 
and 33 true leaves( 20 (center) with ll(botto皿)，
in the cycle of light and dark conditions. 
and photon. flux density Air telllperature曹as20・'C.









， dl-2 h -1から消灯後20分で 0.25， d圃-2 h-1まで低下し，点灯後 1時間で最高











W S D = 1 0 0 X (8 F W-F W) / (S FW -DW) 













3 2 1 
Hour 
F1uctuation in transpiration rate ofleaf lettuce 
in the cycle of light and dark conditions. 
Fig.26. 
Air 
and photon flux density las 










(g) ， DWは乾物重(g) を表す.
〈実験 2:明暗変化による水分欠差の変化〉 ‘グランドラピッド'を第2項
と同じ条件でホ耕した. 8葉期のリーフレタス 8個体を同人工気集室の暗条件に
おき 4時間後に 4個体の各葉の水分欠差を測定した.その直後に 388μ 皿01
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1ト
o 
3 2 1 。
hours after soaking 
Change in fre電h曹eightof detached leaves in leaf Fig.27. 
圃.A.lettuce after soaking the leaves in water. 
8th and 10th 6th. 4th. 1:. and 0 sho曹 the2nd. 
97 
respect-ively. leaf. 
Table 10 Water saturation deficit{WSD) of leaf 
lettuce in dark and light period. 
Position Average fresb lfSD ( % ) 
of leaf 冒elgbt8( g ) Dark Light 
2 0.21 1.50:f0.47 2.48土0.37
3 0.48 L 60:f0..24 2.55+0.59 
4 0.81 1. 65:f 0.21 2. 50:f 0.40 
5 1.41 1. 75:f0.28 2.10:!:: 0.27 
6 1. 28 1. 88土0.44 2. 13:tO. 35 
ぐ
7 0.46 4.18:f 0.85 3. 98土0.55
8 0.08 7.20土L64 6.93土0.83. 
Data are sho冒nas the mean:f SE. 

















1978)は，茎径の反応遅れがゴムで約 1時間， ミカ γとケヤキで約四分であった






























































30 25 20 15 10 5 。
Hour 
Fluctuation in top fresh冒eightof leaf lettuce 
by the change of air temperature under a constant 
F ig. 28. 
Photon flux density 
10.2 
relative humidity(77+8%). 














10 8 6 4 2 。
Hour 
J 
Fluctuation in top fresh曹eightof leaf lettuce 
by the change of air te田peratureunder a constant 
con~itI~n D!cVapOr pressure deficit(O. 6 kPa). 




















































Fig.30. Diagram of measuring system for photisynthesis. Arro曹S
indicate air flo曹. A.air bug; B.blo曹er; Vf.曹ater;R. 
radiator: H.hu皿idity controller; 1. te回perature
controller; AC.acrylic chamber; F.fan: IR. infrared gas 









中および上昇中のそれは -0.50および2.10， h -Iであった.また，蒸散速度は，









































Simultanious measurement of top fresh曹eight， Fig.31. 
leaf temperature and transpiration-r:ate， 
photosynthesis of leaf lettuce at 25・'cof 















































。.‘ a ，ー .0.5 m/ s o s 
o 
18 16 14 12 10 
Hour 
8 6 4 2 。
Fluctuation in top fresh weight of leaf lettuce by the Fig.32. 
change of官indvelocity under constant air temperature 
. 
and VPD(vapor pressure deficit). _Figures and arro曹S
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環境制御室内には 12 .，3 h -1の外気を取り込んで三酸化炭素を供給した.その
ほか，相対湿度は加握制御によって73:t8%. 襲被温度は 20士官.50Cとした.
生体重の増加宰は，次式によって算出した.
G R = 1 /W • d W / d T 
ここでi GR:生体重の増加率[克 dT-l]. W:時刻 tにおける生体重 [g] • 













Table 11. Change in top fresh weight of leaf 
lettuce. The air temperature was control-
led stepwise at the indicated level in 
every se司uent12-h interva1. The light 
intensity was constant during the 6-d 
ex.periment. The figures denote the 
average fresh weigh t of 7 plants at 1 and 
12 hours after temperature change. 
Temperature Fresh weight (g) 
('C) 1 h 12 h 
5 7.98 
10 7.89 8.40 
15 8.32 9.00 
20 8.83 10.10 
25 10.02 11.54 
30 11.38 12.90 
35 12.73 14.35 
30 15.03 17.49 
25 18.08 21.65 
20 21.99 25.72 
L5 26.06 28.69 


















30 20 10 
。
AIR TEMPERATURE(・C}
Fig. 33~' Depe~dance of the growth rate of top fresh 
。weight of leaf le ttUce during each 12-h 
control in terval on' the air tem perature. 
The rate was calculated from Tablell. 
































30 20 10 
AIR TEMPERATURE(・C)
Fig.34. Relationship between air temperature and 
the growth rate of top fresh weight of leaf 
lettuce during the last 11・hin each 12-h 
control interval. The first 1-h change of 
fresh weight was excluded from the results 
shown in Fig. 1， since it was affected by 
the temporal response of crops after a 
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35. Twelve-hourly mean growth rate of fresh weight 
in leaf lettuce as functions of air temperature 
Fig. 
and growth stage showed by fresh weight. Air 
temperature was changed stepwisely every 12 hours. 
Water vapor deficit was kept within 0.4 kPa. A 





30分以内であった.とれは，第 3章第 2節第 1項で認められた現鼻と同じであっ
た，との変温始めから次の変温までの12時間の各気温の生体重増加宰 (Fig.33)
は，降温過程の方が昇温過程よりもかなり高かった.このようなヒステリシスは，
































14日間義培した結果では，生体重の増加速度は，光量子東密度目μmol町 2 s-1 










































の相対的増加宰(% 12h-1) とし，昇温および降温過程の 2聞の平均値を求めた.




おけるリーフレタス生体重の増加率は， 236μ 圃01.-2 s-1では250C，それ以上の
光強度では300Cの場合に高<.最高値は412μmol1-2 S-I. 300Cの条件で18.4% 
12h-1であった.生育中期における生体重の増加宰は，いずれの気温でも 412μ
101 m-2 S-1で高<. 516μ 圃01m-2 s-1では低下した.生体重増加率の最高値は2
5....300Cで認められ，その値は 21.8% 12b-¥であった.生育後期における生体重
増加宰は. 25....30OCで最高になったが，気温の膨曹は小きかった.光量子束密度


















二三: r o← -O 、k-、-. ¥¥ 





























35 30 25 20 15 
Ai r temperature ( OC ) 
rates of Fig. 36. Effect of air temperature on growth 
fresh weight in leaf lettuce at photon flux 
and 516(0)μ11101 density 236(・).307(A) ，412(回)
E・2 S-l. The growth rates at each telllperature 
were measured by stepwisely changing air 
temperature every 12-hours. Growth stageS are 
showed in fresh weight 4~15g(A) ， 15~50g(B) 
and 50--120g(C). 
130 




同化箱の中には一度に 3個体を入れ，飽差1.0 kPaで 5，15，20，25，30または
35"Cに12時間保って前処理し，処理中の飽差は常時 0.4kpaとした.光強度の処







光合成速度は，光量子東密度 982μ 圃01.-2 S-1では30"Cで最大になったが，そ
のほかでは25"Cであった.暗黒では，高温ほど呼吸が増加した. 10"Cでは，光強
度を増した割合には光合成速度が増加しなかった.光飽和点は， 10"Cでは 1726









































Air temperature ( ~ ) 
Effect of air temperature on photosynthetic 
同 teof leaf lettuce at photon flux density O(・)，
32(())， 108(~) ， 238(Ll)， 411(圃)， 705(口)，
982(Y)， 1293(マ)and 1726(0)μ1001 m-2 S-1. 







μmol m-2 5-1 となり，光合成速度での約 1300μ 圃01m-2 S-1と比較して低か
った.明期のホストレスを暗黒によって軽減すると，暗黒下に移してからの生体
重の増加は明期の光強度に比例し，この場合の光飽和点は約 1000μ1101 .-2 5-1 






光量子東密度 400μ 回 1.-2 5-1以上では，ホストレス状態になるととが明かで
ある.
これらのととから，生体重でみたリーフレタスの生長は気温25DCで優れ，光飽
点は約 400μmo1 .-2 5 -1であるが，暗黒下に移してホストレスを軽減すると光















無加温ガラス室内の塩化ピユルトンネル内に置いた. トンネル内の気温は 5. 
280Cの範囲で管理した.溜ホには，大事ハウス肥料A処方の養植を槙準の 1/2
湿度に薄めて用いた. 2月4日に本葉が 2枚展開した苗をM式水量得ベッド(葉菓








れ1320および100μ 掴01m-2 S-I. 平均が674μ 皿011-2 S-1であった.また，ベ
ッドの上方10cmで各区の気温を測定したととろ，議培期間中の最高および最低気
温の平均は，無遮光区で24.1および 3.PC，遮光区で24.0および 3.30Cであった.




























Fig. 38. Change in maxi回umphoton flux density 
in a glass house (at Ano in 1988). 
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Table 12. Effect of shadinc on the ，rowth of leaf lettuce in 
solution culture. 
Treat園田t NUllber of Fresh weicht (c) Dry wei Ch t (mc) 
leaves Leaf Ste固 Root Leaf ste・Root 
c口ntrol 20.0 65.8 3.1 16.6 4250 277 992 
Sbadinc 20.7 66.9 2.7 16.3 4150 258 775 
t-Test HS HS KS HS HS NS NS 
HS: Non-si回ificantdifference at 5% level. 
137 
Table 13. Ettect of shadinc on tbe conticuratioD of leaf lettuce 
in solution culture. 
Treat.ent All leaves Kaxbu. leat Values of Ste. 
D田α)SLA(c.-t ，)L(c圃)W(CI) L/W ，reen ・eter L~悶) D(c圃)
Control 8.2 320 16.6 15.4 1.09 34.8 3.03 1.48 
Shadint 6.3 515 20.6 16.8 1.24 30.7 2.53 1.50 
t-Test *本* 寧寧 ** HS $ 事 HS 陥
DKR: D町田tter'rate;SLA: Specific Ieaf area; L: Lentth; W: Width; 
D: Dia・eter.
NS: Non-sir.nificant difference at 5% level. 





第 I項と閉じ条件で育苗した. 2月22日に本葉が 2枚展開した苗15個体を大揮ハ
ウス肥料A処方の槙準温度養液を用いたM式水耕装置に株間15cmで定植した. こ










ぞれ40および1387μ.01.-2: S¥平均で 689μ1101.-2 s-1であった.気温は，
加温および換気を行った結果，対照区が5.8.....29.50C. 加湿区が6.5"-29. 2"Cであ
った.
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Table 14. Effect of Vaporization on the growth of leaf lettuce 
in solution culture. 
Treat圃entHo. of leaf Fresh weight (g) Dry weuht (田g)
leaves area(cD2) Leaf stem Root Leaf Stell Root 
Cont. 14.0 648 28.8 1.2 5.8 2210 123 402 
Vapor. 15.5 1078 56.9 2.6 11.4 3430 183 606 
t-Test HS ** 事** *事 梓* 本*本 NS *本*
HS: Non-sir，nificant difference at 5% level. 
本.**.*柿 significantdifference at 5%(*). 1%(紳)and 0.1%(*神)level. 
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Table 15. Effect of vaporization on the confituration of leaf lettuce 
in solution culture. 
Trea t. All 1 eaves HaxiJlu田 leaf Values of Stem 
DKR(%) SLA(co-1 g) L (cm) W(cm) L/W treen圃eter L(clI) D(c回〉
Cont. 7.7 294 13.7 13.0 1.06 33.7 2.5 1.15 
Vapor. 6.0 317 14.6 17.8 0.83 34.2 3.0 1.45 
t-TESr *牢宇 HS HS 事事* ** HS * 本本*
DM配 Dry圃atterrate; SLA: Specific leaf area; L: Length; W: Width; 
D: Dia田eter.
HS: Non-significant difference at 5% level. 
*.悼.*紳 significantdifference at 5%(吋.1%(帥)and 0.1%(*神)level. 
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った.この聞の日最高光量子束密度の最高および最低は，それぞれ40および1387



















Table 16. Effect of vaporization and shading on the growth of 
leaf lettuce cultured in potted soil. 
Treatment Hu皿berof leaf Fresh weight Dry weight 
leaves area(cm-2) Leaf(g) ste皿(g) Leaf (g) Ste回(圃g)
Cont. 10.5・ 325・ 12.7・ 0.33・ 1.24・ 49・
Vapor. 12.5 b 564 b 23.5 b 0.75 b 1. 61 b 69 b 
Vapor.+Shad. 11.0・ 461 b 16.68 0.53 。 1.11・ 43・
Values followed by different letters are significantly different at 5% 
leve1. 
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Table 17. Effect of vaporization and shading on the configuration of 
leaf lettuce cultured in potted soil. 
Treatllent AII leaves Maximum leaf Values of Stem 
DHR(%) SLA(cm-1 g) L (cm) W(cm) L/W green lIeter L(clI) D(c国)
Cont. 9.2・ 264・ 12.2・11.5・1.08・ 29.2・ 1.92・0.678 
Humid. 6.8 b 351 b 14.2 b 13.4 b 1.06・ 26.7・b 1.82・1. 02 b 
Hu田id.+Sad.6.7 b 417 。 15.1 b 11.9・1.29 b 25.5 b 1.83・0.88 b 
DHR: Dry matter rate; SLA: Specific leaf area; L: Length; W: Width; 
D: Diameter. 






培中のガラス室内の日最高光強度は，平均で674μmo1 1-2 s-1であり， 50%遮光
下では日中の大部分が337μmolm-2 s-1以下であったと考えられる.本章第2節







よる作物の生長促進は，サラダナ(Tibbitts'Bottenberg， 1976) t キュウリ(
橋本ら， 1981) ， 12種の花き (Mortensen，1986)，イネ(平井ら， 1983) .など
で広〈認められている.との事実は， トマト・キュウリ(長岡ら. 1984) ，スト









の飽和点が約1300μ101 阻・ 2 s-Iであったことを勘案すると，光は強い方が生長に
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Thls research was carried out to determlne the growth response of 
1eaf 1ettuce to the environment through a new method that monitors 
fresh weight. 
Chapter 1. Development of a device for皿onitoringfresh welght 
First， the optlmum conditlons of a hydroponic solutlon for the growth 
of leaf lettuce were studled to deter皿inethe specifications required 
for the monitoring devlces. Optl皿umgrowth occured when the solutlon' s 
concentration equaled 1. 5 to 2.0 tlmes the standard solution shown in 
Table 1， at a pH of about 6 and a temperature of 25 oC. Dlss01ving oxygen 
over 7.3 ppm was required for the optimum growth. This dlssolution was 
accomplished by supplylng alr over 2.5 1 mln-1 1nto the nutrient solution 
(42 1). 
Next， a device composed of hydropon1cs and load cells was developed 
for monitor1ng the fresh weight changes 1n the 1ettuce. This device 
provlded measurements that clar1fled the growth response to the 
envlronment. The output voltage of the 10ad cell was most stable when 
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the load cell was excited by a stabilized electr1cal power unIt. Tempera-
ture' s effect and hysterisis on the load were negligible. Output from the 
monitoring device positively correlated to fresh weight over the 5urface 
of the 501ution， 50 that the value was about 1 % larger than that of top 
fre5h welght. 
Last， The monitoring dev1ce wa5 lmproved to keep the surface level of 
the solutlon and the solutlon' s temperature constant. With this device， 
the concentrat1on of dlsso1ving oxygen was kept over 7.3 ppm. 
Chapter 2. Evaluation of the monitoring device through long-term 
monitoring of fresh weight in leaf lettuce 
Fresh welght of leaf lettuce was monitored by using the device 
developed 1n chapter 1. 
The fresh weight decreased just after the planting to the hydroponic. 
The fresh weight started to increase 0.5， 1 and 2 days after the 
plant1ng， respectively at 30， 20 and 10 oC of solution temperature， at 
the air temperature of 20 oC， at the relatlve humidity of 90:t 5% and at 
the photon flux density of 240μmol m-2 S-I. At the solution temperature 
of 20 oC， white and smooth roots were generated within two days after the 
planting. Then. the top/root ratio of fresh weight started to decrease. 
and oxygen absorption rate and TTC reduction actlvity of the root 
stopped to lncrease. 
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The weight changes were monitored until harvesting time. Then， the 
growth rate was calculated. Next， the growth and development of the 
plants were analyzed. The welght increased from 4.4 g to 101 g in 17 
days. The rninlmum and maximum rates were found respective1y on the flfth 
and eleventh day after the measuring. The minlmum growth rate corres-
ponded wlth some wilting and a decrease ln the transpiration rate. The 
decl1ne in the growth rate after e1eventh day， was caused by mutual 
excesslve shading of leaves. 
The growth rate of top fresh weight and the respiration rate began to 
decrease 12 hours after dark， while the helghtjwidth of the plant 
profile， as an lndicator of succu1ent growth， began to increase 2 days 
after dar回 ess.The increment of the top fresh weight withln first 12 h 
darkness increased depending on the previous l1ght lntenslty. 
Consequently， lt Is clear that fresh welght can be monitored ln l1ght 
and darkness wlth the device developed for long-term monltorlng and 
that the growth rate of fresh weight is useful as an lndicator of growth. 
Furthermore， the relatlonship between fresh weight and the other growth 
parameters become clear. 
Chapter 3. Fluctuatlon of fresh welght of leaf lettuce by the change of 
a皿bientconditlons 
The temporary fluctuatlon ln fresh weight， which was supposed to be 
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induced wi th the changes of ambient conditions， was investigated. and a 
correct method for monitoring fresh weight was studied. 
Fresh weight temporally decreased after : (lHntensifying the light， 
(2)rIsing the temperature at constant relative-humidity， (3)dropping the 
humldlty levels， and (4)increasing wind velocity. The fresh weight 
increased under the opposlte condltions. The fluctuations in the weight 
stabil1zed 30 minutes after the envlronmental changes. In the change of 
11ght condition from 11ght to dark， transpiratlon rate and the water 
saturation def1cit(WSD) of the leaf increased. Fresh weight during the 
temperature rlse decreased under a constant relative humldity. but was 
stable under a constant vapor pressure deficit(VPD). 
Chapter 4. Analysis of growth responses to air temperature and llght 
intensity with the application of monitoring fresh weight in 
leaf lettuce 
Rapid determinatlon of the optlmum envlronment for the growth of leaf 
lettuce was made. Growth rates of the fresh weigh t were determlned wl th 
stepwlse control at several temperature in every sequent 12-h lnterval. 
The growth rates at each temperature were correctly measured by 
omltting data for the first one hour after the change of temperatures 
under a constant relative humidlty. Furthermore. the fluctuat10n of the 
fresh welght durlng the change of temperature was elimlnated in a 
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constant VPD. 
Effects of temperature and light intensity on the growth rate of fresh 
welght were clarified with this method. The optlmum temperature for the 
growth rate of the top fresh welght and also the photosynthetlc rate 
ranged from 25 to 30 QC. However. the 11ght saturatlon point(LSP) of 400 
μmol m-:2 S-l for the growth rate was lower than that of 1300μmol m-:2 
S-l for the photosynthetic rate. This suggested that high 11ght intensity 
induced water stress in the plant and depressed the growth. 
The actual method for reducing water stress was studied with the 
treatment of vaporization and shadlng. The growth was promoted mainly 
by vaporizat1on and some by shading. Under hlgh humldity. however. the 
growth was not promoted with shading. This shadlng decreased the dry 
matter rate of leaves. lncreased leaf area and SLA through the 
elongation of leaves. 
Consequently. the method for monltorlng the fresh we1ght was 
estab11shed. It 1s clear that fresh we1ght 15 a150 a superlor lndlcator 
for monltoring the growth of leaf vegetables. Moreover. the growth 
under an lnten51ve 11ght 15 promoted espec1ally by vaporization through 
eliminating water 5tress. 
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